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ScrippG  Institution  of  Occanocraphy 
of  the  University  of  Cnlifomia 
Task  VI,  Conti'act  ll6ori-lll 


APPLIOAIIOH  OF  THE  MSTHOD  ?0H  TBACnUG  STOailS 
Y BY  FOHSIUIIITSRS  OF  SWELL 

1.  Introduction.  N/^e  purpose  of  this  study  v/as  to  test  the  aethod 

of  trnckin.';  storms  "by  use  of  forerunners  of  svrell«as  described  by  Munk  (l9^7)» 
opies  of  analyzed  vreather  mans  for  the  North  Atlantic  from  1 November 
1345  throu,;;h  30  November  19^  were  made  available  by  the  llav;'’  ’feather  Central, 
’fashinj'^ton,  D.  C,  Wave  spcctro.^rams  from  Pendecn,  En.pland  v;ere  provided  by 
the  Occanof;raphic  Research  Croup,  Adirdralty  Research  Laboratory,  Teddington, 
England.  These  records  shov;  amplitude  factor  versus  period,  as  obta.ined  by 
harmonic  analysis  of  the  original  vravc  records.  Analyses  v/ere  made  for  tvrenty 
m.inute  intervals  every  tv/o  hours, 

2,  Procedure.  <?The  records  vrere  inspected  in  order  to  find  bands  of 
forerunners  that  could  be  identified  for  a period  of  six  hours  or  more.  The 
identifying  features  of  the  band,  such  as  the  fore  edge  and  the  rear  edge, 
v;ore  carefully  marked.  Next,  the  time  of  arrival,  as  shovm  on  the  analyzed 
v.'avo  records,  and  the  period  of  these  identifying  features  vrere  tabulated 
and  plotted  or.  a ^Storm  Tracking  Graph’Cfollovring  the  instructions  given  by 
liur.k  (1347)*  sxYhis  determined  the  foci  vrhich  gave  a time  and  position  for  the 
storm  that  generated  the  svrell.  Then,  and  then  only,  vrere  the  vreather  maps 
consulted  to  determine  if  a storm  actually  existed  at  the  given  time  and  place. 

T'fcr.ty  stonns  in  all  vrere  studied,  ton  by  Major  A.  H.  Cordon,  Jr,  , Air 
Corps,  and  ten  by  the  author.  Care  vras  taken  to  select  the  fetch  in  a 
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consistent  manner.  In  general,  only  vrinds  vrhich  ■bl«f  in  a direction  xvithin 
30  degrees  of  the  isobars  vrere  included, 

3.  Accuracy  of  Hethod.  Of  these  tvrenty  cases,  fourteen  gave  good  results, 
i.  e. , the  error  uas  less  than  10f>  of  the  measured  distance  at  the  conmuted 
time,  and  less  than  400  miles  in  actual  distance  (see  Table  l).  Of  the  six 
remaining  cases,  four  gave  fair  results,  i.  e. , storms  could  be  a'lproximately 
located,  but  computed  distances  did  not  conform  \Tlth  measured  distances.  In 
some  cases  points  tha.t  should  have  been  at  the  far  side  of  the  fetch  v;ere 
actually  on  the  near  side.  For  the  tvro  remaining  cases,  storms  v/hich  corres- 
ponded to  the  forerunners  coxild  not  be  located.  The  computed  time  was  taken 
as  correct  and  the  whole  error  attributed  to  the  distamce  of  the  storm  from 
Pendeen, 

The  tv/enty  cases  gave  IO6  foci,  the  errors  of  vMch  v/ere  distributed  as 
follovrs: 
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1 Percentage  error 
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TABLE  1 

Humber  of  foci  for  which  observed  distance 
minus  commuted  distance  vrere  in  error  by 
stated  percentage  of  observed  distance 

i 

0-15 

20  1/2 

29  1/2 

! 16-30 

S 

19 

31  - 50 

7 

S 

51  + 

1 

5 

Error  in  nautical  miles  Humber  of  foci  for  vrhich  observed  distance 

minus  computed  distance  v;ere  in  error  by 
stated  number  of  nautical  miles 


i 0-250  24  1/2  35  1/2 

251  - 500  14  15 

500  - 750  3 3 

over  750  3 2 
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It  is  felt  that  an  error  of  0 - 15J’  is  vrtthin  the  limits  im'^osed  hy 
the  interpretations  of  the  vfave  records,  and  the  analysis  of  the  v;eather 
maps,  and  that  different  Persons  woiild  derive  results  v/hich  differ  hy  that 
anoxuit.  It  vras  noticed  hy  Ilajor  Gordon  «md  the  author  that  the  amount  of 
discrepancy  decreased  vdth  additional  experience.  If  the  ’.rork  vrere  performed 
regularly  over  a period  of  time  the  error  might  he  reduced  even  more, 

U,  Identification  of  Features  on  Spectrogram.  Extreme  amplitude  peaJcs 
in  the  forerunners  could  usually  be  identified  vrith  the  location  of  the  center 
of  the  fetch.  An  arc  s’.rung  vith  Pendeen  as  the  center  and  the  computed  dis- 
tance as  the  radius  vo’uld  almost  invariably  pass  through  the  center  of  a 
fetch  associated  vrith  abnormally  strong  vinds  and  vrould  also  cross  the 
associated  cold  front  at  its  strongest  point.  This  suggests  that  the  peaks 
could  be  profitably  used  to  locate  the  most  intense  part  of  the  storm  (v/hich 
is  usually  of  primary  interest),  A plot  of  such  intense  parts  of  the  storm 
against  time  gives  a graphic  picture  of  the  storm  movement  as  related  to  its 
intensity. 

In  examining  a band  of  forerunners  the  longest  period  in  the  band 
corresponds  to  a focus  associated  vith  the  far  side  of  the  storm  v;hile  short 
Periods  of  the  band  in  question  are  associated  irith  the  near  side  of  the 
storm  v/hich,  in  general,  is  of  greatest  interest,  Hov/ever,  quite  often  the 
short  periods  are  obscured  by  the  presence  of  a second  band  from  another 
storm  "hich  mi^t  have  been  present  at  an  earlier  time  or  a greater  distance 
from  the  v/ave  recorder.  In  many  cases  the  long  period  forerunners  of  the 
ee.rlier  storm  merged  v/ith  the  short  Jierlod  forerunners  of  the  later  storm, 
thus  making  it  Impossible  to  determine  the  fore  edge  of  the  storm  in  question. 
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In  picking  off  the  fore  edge  (longest  period  of  hand)  of  the  fore- 
runners and  plotting  its  decrease  in  period,  an  error  is  introduced.  The 
theory  demands  that  the  period  of  an  identifying  feature  he  plotted,  and 
the  focus  is  then  a function  of  its  decrease  in  period.  Hov/ever,  in 
picking  the  fore  edge  of  the  forerunner  hand  on  each  ohservation,  the  same 
identifying  feature  is  not  used,  hut  a new  feature  each  time,  the  difference 
being  a function  of  the  storm  movement  hefrifeen  the  times  of  ohservation. 

This  can  he  overcome  hy  identifying  a peek  near  the  fore  (or  rear)  edge 
of  the  hand  and  plotting  its  decrease  in  ueriod.  This  procedure  gives 
more  accurate  results  than  plotting  the  actiml  fore  edge  of  the  hand. 

5.  Effect  of  Storm  Pattern.  The  best  results  v/ere  obtained  from 
v/aim  lows.  These  lov/s  usually  originate  as  waves  on  a cold  front  just 
east  of  the  North  American  continent,  most  often  near  Cape  Hatteras. 

These  vraves  occlude  quickly,  deepen,  and  move  northeast  rather  rapidly, 
finally  occupying  the  region  hetireen  Thgland  and  Iceland.  These  storms 
are  characterized  hy  a strong  fetch  which  moves  continuously  and  is 
rather  regular  in  its  movement. 

Cold  lovrs,  on  the  other  hand,  vrhich  move  into  the  area  near  Iceleand, 
deepen  and  stagnate,  gave  poor  results.  These  loi/s  tend  to  maintain  them- 
selves over  a period  of  time  and  the  individual  fronts  move  thro\igh  the 
southern  edge,  Tfith  the  result  that  the  fetch  lengthens  and  shortens,  hut 
does  not  progress  avray  from  its  location.  Such  a situation  gave  a very 
jumbled  ulcture  on  the  rmive  spectrum. 

As  experience  vras  gained  cold  lorfs  could  he  differentiated  from  warm 
lows  hy  insuection  of  the  vmtve  soectrum. 
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6.  5ate  of  Move.’nent.  The  rate  of  storm  movement  v/as  computed  for 
ei^ht  storms  v/hich  vrere  picked  at  random.  The  commuted  speeds  v'ere  on  the 
average  15/^  in  error.  This  is  considered  satisfactory/-  inasmuch  ns  t.’ie  cal- 
culations vrere  subject  to  the  same  errors  discussed  earlier. 

7.  A Proposed  Use  of  the  Method.  For  a forecaster  of  sea  and  cv/ell 
v/ho  is  charged  vdth  making:  forecasts  for  various  beach  areas,  the  Principles 
of  this  paper  could  be  used  to  determine  the  time  of  arrival  of  high  vraves 
from  storm  centers,  provided  the  forecaster  has  available  accurately 
analyzed  current  ’.'eather  maps  of  the  region  in  which  the  storms  are 
generating  v;aves. 

If  the  stein  indicates  a fetch  which  v/ill  affect  the  area  for  '-mich 
the  forecast  is  being  made,  then  the  distance  of  the  fetch  to  the  area 
is  measured.  This  distance  is  plotted  on  the  storm  tracking  graph  (?ig,  l) 
on  the  day  and  time  it  actually  occurs.  3y  extending  the  date  line  to 
X = 00  and  measuring  the  distance  t„  - tg  (v/hich  is  a scale  factor)  along 
the  abscissa,  tvio  points  are  obtained.  These  tv/o  points  determine  a 
straigiit  line,  v;hich,  if  extended,  vdll  give  the  time  of  arrival  in  terms 
of  various  periods  at  the  forecast  position.  From  -orevious  experience 
the  forecaster  is  av/are  of  the  periods  usually  associated  v/ith  the  highest 
viaves.  These  oeriods  should  also  be  verified  by  commutation  from  the 
weather  maps  according  to  the  methods  given  in  '.'ind  7aves  and  Sv/ell : 
Princinles  in  Forecasting  (Hydrograuhic  Office,  19*+4).  By  keeping;  a 
naming  graph  (Fig.  2)  of  the  arrival  times,  the  forecaster  can  predict 
by  inspection  of  this  graph  the  arrival  time  of  troublesome  waves.  The 
graph  vdll  not  give  the  arrival  times  of  local  vdnd  v/aves.  For  example, 


tONOOaS,  Nl  'i'  OOlMId  JAVM 


on  3 April  the  vreather  map  for  1230  revealed  a storm  v/ith  an  associated 
fetch  v/hosc  near  side  v;as  lUOO  miles  from  the  v/ave  recorder  and  v'hose 
far  side  v;as  25OO  miles  av;ay.  This  information  is  plotted  on  the  Storm 
Tracking  Graph  (Ti?;.  l).  Suppose  waves  of  12  sec  period  are  "being  con- 
sidered as  associated  v/ith  the  highest  v/aves.  According  to  the  graph, 

12  second  v/aves  from  the  near  side  of  the  fetch  v/ill  arrive  at  ISOO, 

6 Anril  and  those  from  the  far  side  at  0200,  9 April.  This  information 
is  placed  on  the  running  graph  (Fig,  2). 

Advantages  of  this  method  are:  (l)  th.at  the  forecaster  v/ill  usually 
have  a.t  least  tv/o  days  notice  of  the  arrival  of  storm  v/aves,  allov/ing  him 
to  mak'e  an  accurate  extended  forecast;  (2)  the  only  reouired  cqivipment 
are  storm  tracking  graphs  and  accurately  analyzed  current  v/eather  maps; 
(3)  the  forecast  can  be  made  ranidly  and  many  locations  can  be  forecast 
from  one  central  office,* 

ESTIL  L,  HAIIILL 

May  4,  194s  Captain,  Air  Corps 

Scripps  Institution  of  Oceanography 
of  the  University  of  California. 


Sverdrup  and  Hunk  Irave  recently  suggested  that  the  travel  time 
relationship  used  in  the  regular  sea  and  sv/ell  forecasting  method  be  revised. 
In  the  revision,  travel  time  is  computed  on  the  basis  of  the  group  velocity 
of  the  Bv/oll  at  the  end  of  the  decay  distance.  This  revision  and  others 
are  included  in  Revised  Uave  Forecasting  Graphs  and  Procedure,  Scripps 
Institution  of  Oceanogranhy  of  the  University  of  Califorriia,  Uave  Reoort 

No.  73. 

The  nov/  tr/ivel  time  cun/es  on  the  regular  decay  graph  give  exactly 
the  same  travel  time  values  for  any  given  decay  distance  and  v/avo  period 
ns  the  storm  tr/'.cking  grauh.  Consequently,  the  commuted  arrival  of  the 
high  sv/cll  as  determined  from  v/cather  maps  using  the  reg'alar  forecasting 
procedure  v/ill  be  consistent  v;ith  the  arrival  as  determined  by  the  method 
proposed  in  Section  7 of  the  present  oaper.  There  is,  hov/ever,  a distinct 
advantage  in  using  the  additional  evidence  furnished  by  forerunners  on 
v/ave  Guectrograms. 
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